, the presence of the indicator function
derives from the fact that the forces generated by the patch in the x-direction are antisym- 
O_w] CD h3 0 
Here H is the Heaviside function with H_(x) -H(x -x_), i = 1,2, and 5,,2 is the indicator function defined in (2) with similar definitions being used in 0. The individual components are given by 
O,_(t, O, x)= f(t,O,x)-pf¢_(t,w(t,O,x),v(t,O,x),u(t,O,x))
and is in general nonlinear since the backpressure onto the shell occurs at the shell's surface.
The second coupling condition is the velocity constraint 
Weak formulation
The second-order state for the problem is taken to be y = (¢, u, v, w) in the Hilbert space 
for all ((, rh, r/2, r/3) E V (note that do2 = r dr dO dx and 
where _ = (¢, u, v, w) and k0 = (_, /]1, 772,T]3). _ge remark that the inner product for the state space H contains terms which arise when considering the kinetic energy for the shell while the shell contributions in the V inner product are motivated by the form of the strain energy for a thin cylindrical shell (see [8] ). Also, we note that with this choice of spaces and inner products, we can form the Gelfand triple V _ H "_ H* '--, V* with pivot space H (see [27] for a complete discussion of these ideas).
To define appropriate sesquilinear forms cri : V x V _ C, ,i = 1,2, we group the stiffness and wave contributions separately from damping and coupling terms, thus leading to the definitions <,,(*,*) = (_, _)v
+goc.,, {lr,o,,
To account for the control contributions, we let U denote the Hilbert space containing the control inputs, and we define the control operator for i = 1,2. This then yields the abstract second-order system
To apply infinite dimensional control results for periodic forcing functions to this problem, it is advantageous to write the system in first-order form. This is accomplished by defining Fo, _the state y(t) = (y(t), y,(t)) in _, we can subsequently write the system in the firstorder variational form <y,(t), x),. , + 0-(y(t), x)= (_(t) + >-(t), x),. ,
where 9v(t) = (0, F(t)) and Bu(t)= (0, Bu(t)).
As usual, the relation (11) must 11oi,1 for all C ]2. Finally, the weak form (11) is formally equivalent to the system y,(t) = Ay(t) + _,,(t) + 7(t,) (12) [24, 27] , and that the definitions given here will be used in the discussion which follows).
We say that the sesquilinear form o" : V x V + @ is V-elliptic if there exists a constant c > 0 such that Re a(qS,(F) > cl01 for all q5 E r.
Finally, we say that the sesquilinear form er is symmetric if _r(q5, k0) = _(k0, 4)) for all (I), k0 E V.
The following theorem can be used to establish that the operator A given in (13) We next turn to the sesquilinear form o'2 of (9) Tile results from Theorem 1 guarantee that the operator A given in (13) generates a C' 0 -semigroup ,5"(t) on the state space 7Y. Moreover, tile semigroup satisfies the exponential bound IS(t)l _< e _'' for t _> 0 (where in fact, _o = 0 due to the fact that A is dissipative as shown in
[a]).
In the case of a bounded (in H) control input operator, the usual procedure is to use a variation of parameters approach to define a mild solution to the system. As noted in the last section, however, the control input B C £(U, V*) defines the product space control term
lies in V* rather than in 7-{, the usual variation of parameters ideas are not feasible. We are therefore motivated to extend the semigroup S(t) on H to a semigroup S(t) on a larger space IV* D {0} × V* so that the mild solution ,,(°)
is well-defined for 
